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Abstract

Relationships between Hydraulic Permeability and Porosity of Natural Rubber Blended Films

Suksaeree J, Boonme P, Taweepreda W, C. Rithidej G, Pichayakorn W*

Introduction: Several instruments and techniques had been developed to evaluate the porosity of materials. However, it is

difficult to measure the exact value of this property in film samples. This research focused on the study of the relationships
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between hydraulic permeability and porosity values in natural rubber blended films which be developed for transdermal delivery
applications. Materials and method: The natural rubber blended films were prepared from deproteinized natural rubber latex
(DNRL) which was developed in-house, a blended polymer was hydroxypropylmethyl cellulose (HPMC), sodium carboxymethyl
cellulose (SCMC), methylcellulose (MC), or polyvinyl alcohol (PVA), and glycerine or dibutylphthalate was used as a plasticizer.
Nicotine was added in the filmformulation as a model drug. The films were constructed by simple pouring in the Petri-dish and
dried in hot air over at 70+2 °C for 4 hours. The water flux values of films were measured by using dead-end stirred cell. The
hydraulic permeability was calculated from the slope of water flux value versus pressure. In the other hands, the porosity of
films was determined by immersing technique in distilled water. The percentage of porosity was calculated from different
weights of wet and dry state of films. The values of both techniques obtained from the identified formulations were compared
to find the relationships. Results: The blending of various polymers and plasticizers in DNRL significantly affected on
increasing hydraulic permeability and porosity values in the natural rubber blended films depended on the hydrophilicity and
solubility of polymers and plasticizers. Moreover, nicotine, which is water-soluble drug, also gave the higher porosity property
in drug loaded films which indicated by the increasing of both values. There were the relationships between the values from
both techniques. The results were in the same manner. However, the blended polymer types, plasticizer, and nicotine could
also affect the measured values due to their different properties. The percentage of the porosity calculated by immersing
technique was quite reliable than the hydraulic permeability. However, the latter technique was easier and took less time than
the first one. This property was valuable for the prediction of drug release rate in transdermal drug delivery systems as film
dosage forms. Conclusions: The similar result patterns were observed in both hydraulic permeability and percentage of
porosity for indicating the porosity property in natural rubber blended films. Thus, hydraulic permeability and percentage of
porosity were related. However, both values were affected by blended ingredients i.e., polymers, plasticizers, and drugs in

films.

Keywords: Natural rubber blended films, Porosity, Hydraulic permeability, Transdermal delivery systems

Introduction

The membrane porosity plays an important role to measure the exact value of this property in film
for drug diffusion and transport ways from transdermal samples.
drug delivery. Nowadays, several instruments and Transdermal drug delivery systems, also known
techniques had been developed to evaluate the porosity of as transdermal patches, are the polymeric films which be
materials. Laser scattering method, electrical sensing zone directly adhered on the skin. The drug molecules are
method, microscopy method, Brunauer, Emmett and Teller released by dissolution and diffusion mechanisms from
(BET) method (Brunauer et. al., 1938), permeability, and x- these films, and penetrated the skin into systemic blood
ray diffractometry (XRD) technique could measure the void circulation (Chien, 1992). Many small molecular drugs such
space in materials (Taylor et al, 1998). In these as clonidine, estradiol, fentanyl, nicotine, nitroglycerin,
techniques, only BET method had been accepted and oxybutynin, and scopolamine are available used in this
available for porosity determination. However, this method system (Farahmand and Maibach, 2009). Moreover, many
is appropriated for powder particles or materials which types of polymer are selected for film formation and
could be cut into smaller sizes. Unfortunately, it is difficult controlling drug release and permeation.
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Natural rubber latex (NRL) is a colloidal polymer
that was tapped from Hevea brasiliensis or Para rubber
tree. The NRL could be ease to film forming with good
high and

1998).

tensile properties, elongation at

liquids (Roberts,

break,
impermeability of gases and
International Union of

However, the Immunological

Societies (IUIS) reported the clearly known 14 NRL
proteins (Hev. B1-14) as allergic agents of NRL (Raulf-
Heimsoth et. al., 2007, WHO/IUIS Allergen Standardization
Committee, 1984). In this study, the natural rubber blended
films were prepared from deproteinized natural rubber latex
(DNRL) which was developed in-house, a blended polymer
was hydroxypropylmethyl cellulose (HPMC), sodium
carboxymethyl cellulose (SCMC), methylcellulose (MC), or
polyvinyl alcohol (PVA), and glycerine or dibutylphthalate
was used as a plasticizer. Nicotine was added in these
films as a model drug. However, these natural rubber
blended films were very sticky which could not be grinded
into small size for porosity determination by BET method.
Two different techniques were selected to predict
the porosity property in natural rubber blended films: (1)
determining the hydraulic permeability by the distilled water
filtration through the films (Gullinkala et. al., 2010, Khan et.
al., 2010) and (2) calculating the percentage of porosity by
immersing the films in distilled water (Chen et. al., 2004).
However, there is no report which summarized the
relationship between the hydraulic permeability and the
percentage of porosity of films. Both techniques should be
compared and discussed. Thus, this research focused on
the study of the relationships between the hydraulic
permeability and the percentage of porosity values in
natural rubber blended films which be developed for

transdermal delivery applications.

Materials and methods

DNRL was prepared in-house by enzymatic
process to remove the protein from fresh NRL. This DNRL
could reduce the total protein content for more than
89.21% protein in NRL

(>99%) was

when compared with initial

(Suksaeree et. al, 2011). (-)-Nicotine
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purchased from Merck (Germany). HPMC (grade E5) was
purchased from Onimax (Thailand). MC 4000 and SCMC
1500 were supplied from Srichand United Dispensary
(Thailand). DBP was purchased from Fluka (USA.). GLY
was supplied from P.C. drug center (Thailand).

Film preparations

The various blended polymers were dissolved in
distilled water to obtain 10%HPMC, 2.5%SCMC, 2.5%MC
or 10%PVA. Then, 10 phr of each polymer was mixed
homogeneously into DNRL with or without 10 phr of
plasticizer. In some formulations, nicotine aqueous solution
was mixed as a model water-soluble drug. These mixtures
were stored at 4°C overnight to decrease the air bubbles
and form a clear viscous solution. Then, the films were
constructed by simple pouring in the Petri-dish and dried in
hot air over at 70+2 °C for 4 hours. Subsequently, dry films
were peeled from Petri-dish and kept in desiccators.

Hydraulic permeability determination

The water flux values of films were measured by
using a laboratory-scale dead-end stirred cell filtration
system (Fig. 1) (Chinpa, 2008) at room temperature. The
operating pressure of 500 - 2,000 kPa was examined. The
natural rubber blended films was cut into a circular shape
with area of 10.76 cmz, and placed into the cross-flow
membrane modules. The water flux was determined as the
distilled water filtration though the void space in the films.
The compaction tests continued until a steady-state flux
was obtained. The water flux values were calculated by
volume of water filtration (V, L) per the operating time (t, h)
per effective membrane area (A, mz). The hydraulic
permeability (Lp, m/s-Pa or m3/N-s) was then determined
from slope of water flux value (L/m2-h) versus pressure
(kPa) multiply with hydraulic permeability factor as
following in Eq. (1) (Bhongsuwan and Bhongsuwan, 2008).

Hydraulic permeability (L ) = slope X 2.7 x10~10 (1



February 11 — 12, 2012

ey

i

The 4" Annual Northeast Pharmacy Research Conference of 2012 “Pharmacy Profession in Harmony”

Faculty of Pharmaceutical Sciences, Khon Kaen University, Thailand

pressure gauge

|
o

filtration cell
v

L/
=

balance

Nitrogen cylinder
Fig. 1 Schematic diagram of a dead-end stirred cell

filtration system (Chinpa, 2008)

Percentage of porosity determination

The films were cut into 1 X 1 cm’ and dried in
oven at 60+2°C for overnight. The dry films were immersed
in 5 ml distilled water at room temperature. The hydrated
films were taken out, weighed until constant (W,), and
measured the wide, length and thickness. Then, they were
dried at 60+2°C for overnight and weighed again (W,). The
percentage of porosity was calculated by different weights
of wet and dry state of films by Eq. (2).

W — W) 100
X

w d

()

%Porosity =
w XXt

water

where W,, and Wy = the weights of the films in the wet and
dry states (g), respectively; d,..r = the density of pure
water at 20°C; and w, |, t = the wide (cm), length (cm) and
thickness (cm) of the films in the wet state, respectively

(Chen et. al., 2004).
Results and Discussion

The water flux of DNRL film and natural rubber
blended films was presented in Fig. 2 and 3, respectively.
The hydraulic permeability was further calculated and
shown in Fig. 4(A). It was found that the hydraulic
permeability of films depended on film properties. DNRL
film without polymer blends showed the low hydraulic
permeability because it was hydrophobic film without
visible pores when observed by simple microscope and
high resolution scanning electron microscope (SEM) (data

not shown). The blending of various polymers and
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plasticizers in DNRL significantly affected on increasing
hydraulic permeability in the natural rubber blended films
depended on the hydrophilicity and solubility of polymers
and plasticizers. This result was related with previous
study (Siepmann and Peppas, 2001). From these results,
the hydrophilicity and solubility of polymers were in the
HPMC<PVA<SCMC<MC,

and those of

in the range of DBP<GLY.

range of
plasticizers were ranged
Moreover, nicotine which is water-soluble drug also gave
the higher hydraulic permeability in drug loaded. These
results indicated that the soluble ingredients could dissolve
in hydraulic permeability determination process, resulting in
more pores. Thus, this technique could predict the porosity

properties in these polymeric films.
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Fig. 2 Water flux values of DNRL films (—#) without and

(=<==) with nicotine loading.
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Fig.4 (A) Hydraulic permeability and (B) percentage of

porosity of natural rubber blended films ([J)

without and () nicotine loading.

However, the SCMC or MC blended films showed
the very high hydraulic permeability values. These might
be due to some pores from bubble air in film formation
process which could be observed by SEM (data not
shown). Thus, the obtained hydraulic permeability values
were over-estimated.

The percentages of porosity of films determined
by immersing in distilled water are shown in Fig. 4(B). The
results were in the same manner. The hydrophilicity and
solubility of polymers and plasticizers in natural rubber
blended films were ranged in the same order. However,
the SCMC or MC blended films gave not much high
percentage of porosity when comparing with HPMC or
PVA blends.

hydraulic permeability values. It might be due to the effect

These results were different from the
of air bubble which acted as the big pore in films
determined by hydraulic permeability technique.

However, Fig. 5 shows the relationships between
hydraulic permeability and percentage of porosity values,
which presented the good linearity in both without and with
nicotine in blended films. Thus, the hydraulic permeability
directly related to percentage of porosity values. The
increasing hydraulic permeability and percentage of
porosity values were observed which polymer, plasticizer,

and nicotine were blended.
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Fig. 5 Relationships between hydraulic permeability and

porosity of DNRL blended films

Table 1 The relationships between hydraulic permeability
and percentage of porosity values of natural

rubber blended films represented as the ratio of

Lp/porosity.
Ratio of L /porosity
Formulas
Withiout nicotine  With nicotine

DNRL 1.30 1.40
DNRL/HPMC/DBP 5.04 5.53
DNRL/HPMCIGLY 5.86 5.84
DNRL/PVA/DBP 5.77 6.36
DNRL/PVA/GLY 5.71 6.94
DNRL/SCMC/DBP 7.75 7.88
DNRL/SCMCI/GLY 8.15 8.28
DNRL/MC/DBP 8.60 8.42
DNRL/MC/GLY 8.92 9.01

In addition, the relationships between hydraulic

permeability and percentage of porosity values were
evaluated, and presented as the ratio between both values
which were exhibited in Table 1. It was found that there
were the relationships between these values from both
the
plasticizer, and nicotine could also affect the measured
The DNRL

ratio between

techniques. However, blended polymer types,

values due to their different properties.

membrane had the Ilowest hydraulic
permeability and percentage of porosity in both without and
with nicotine-loaded films, i.e., 1.30 and 1.40, respectively.
this
ingredients were blended. The ratio could be separated in

the hydrophobic DNRL film,

However, ratio increased when the hydrophilic

3 groups; the hydrophilic
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HPMC and PVA polymer blends, and the air bubble
formation SCMC and MC blends. The hydrophilic polymer
blends could dissolve in water and significantly increased
the water flux resulting in the high hydraulic permeability
and percentage of porosity ratio when compared with
DNRL alone. The air bubble formation SCMC and MC
blends could act as the big way for water filtration, and the
very high hydraulic permeability was obtained, resulting in
the highest ratio.
Although the
permeability and percentage of porosity techniques were

relationships between hydraulic

not unity in all natural rubber blended films, the results
were in the same manner. Moreover, these results were
useful for determination the hydrophilic and solubility
properties of some ingredients in films, which also affected
the porosity property. These properties were valuable for
the prediction of drug release rate in transdermal drug
delivery systems as film dosage forms. The percentage of
the porosity calculated by immersing technique was quite
reliable than the hydraulic permeability due to no effect of
air bubble in film. However, the latter technique was easier
and took less time than the first one.

Conclusions

The similar result patterns were observed in both hydraulic
permeability and percentage of porosity for indicating the
porosity property in natural rubber blended films. Thus,
hydraulic permeability and percentage of porosity were
related. However, both values were affected by blended

ingredients i.e., polymers, plasticizers, and drugs in films.

Acknowledgements

The financial supports from Prince of Songkla
University (Grant No.PHA520078S), the Thailand Research
Fund, and the Office of Commission on Higher Education,
Ministry of Education (Grant No. MRG5180243) are

gratefully acknowledged.

References

Bhongsuwan D, Bhongsuwan T. Preparation of cellulose
acetate membranes for ultra- nano- filtrations.
Kasetsart J (Nat Sci). 2008;42(5):311-7.

Brunauer S, Emmett PH, Teller E. Adsorption of Gases in
Multimolecular Layers. J Am Chem Soc.
1938;60(2):309-19.

Chen Z, Deng M, Chen Y, He G, Wu M, Wang J.
Preparation and performance of cellulose

86

acetate/polyethyleneimine blend microfiltration
membranes and their applications. J Membr Sci.
2004;235(1-2):73-86.

Chien YW. Transdermal drug delivery and delivery
systems. In: Chien YW, editor. Novel Drug
Delivery System. 2hd ed. New York: Marcel
dekker; 1992. p. 3011-80.

Chinpa W. Preparation and characterization of an
asymmetric porous poly(vinyl chloride)/poly(methyl
methacrylate-comethacrylic acid) membrane.
ScienceAsia. 2008;34:385-9.

Farahmand S, Maibach HI. Transdermal drug
pharmacokinetics in man: Interindividual variability
and partial prediction. Int J Pharm. 2009;367(1-
2):1-15.

Gullinkala T, Digman B, Gorey C, Hausman R, Escobar IC.
Desalination: Reverse osmosis and membrane
distillation. In: Escobar IC, Schéfer Al, editors.
Sustainability Science and Engineering. Ohio:
Elsevier; 2010. p. 65-93.

Khan MMT, Stewart PS, Moll DJ, et al. Assessing
biofouling on polyamide reverse osmosis (RO)
membrane surfaces in a laboratory system. J
Membr Sci. 2010;349(1-2):429-37.

Raulf-Heimsoth M, Bruning T, Rihs HP. Recombinant latex
allergens. Rev Fr Allergol Immunol Clin.
2007;47(3):123-5.

Roberts AD. Natural Rubber Chemistry and Technology.
Oxford: Oxford University Press; 1998. p. 10-150.

Siepmann J, Peppas NA. Modeling of drug release from
delivery systems based on hydroxypropyl
methylcellulose (HPMC). Adv Drug Deliv Rev.
2001;48(2-3):139-57.

Suksaeree J, Boonme P, Taweepreda W, Ritthidej GC,
Pichayakorn W. Characterization, in vitro release
and permeation studies of nicotine transdermal
patches prepared from deproteinized natural
rubber latex blends. Chem Eng Res Des. (2011),
doi:710.1016/.cherd.2011.11.002

Taylor DJ, Fleig PF, Hietala SL. Technique for
characterization of thin film porosity. Thin Solid
Films. 1998;332(1-2):257-61.

WHO/IUIS Allergen Standardization Committee. Allergen
nomenclature 1984 [cited 2010 30 July]; Available
from: http://www.allergen.org/search.php?

allergensource=latexx.



